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INTRODUCTION

This catalog characterizes each of 543 individually numbered rock samples
in the Apollo 16 collection, showing what each sample is and what is known
about it. Regolith samples are not included. The catalog is intended to
be used by both researchers requiring sample allocations and a broad
audience interested in Apollo 16 rocks. The sample descriptions are
arranged in numerical order, closely corresponding to the sample collection
stations.

Information on sample collection, petrography, chemistry, stable and radio-
genic isotopes, surface characteristics, physical properties, and curatorial
processing is summarized and referenced as far as it is known. In many
cases we found it necessary to reinspect samples in the laboratory and have
new thin sections of several rocks cut. Our intention has been to be
comprehensive--we have attempted to include all published studies of any
kind which provide information on a sample, as well as some unpublished
information. Exceptions are made where the same research group published
the same data and conclusions in two journals, in which case one reference
(usually the earlier) is chosen; if one is the Proceedings of the Lunar
Science Conference, this reference is selected. We have rarely included
references which are primarily bulk interpretations of existing data (such
as mixing models) or mere lists of samples. The references are complete
to early 1980. Foreign language journals were not scrutinized, but as far
as we can tell little data has been published only in such journals.

Much valuable information exists in the original Apollo 16 Sample Information
Catalog (1972). However, that catalog was compiled and published only three
months after the mission itself, from rapid descriptions of usually dust-
covered rocks, usually without anything other than macroscopic observations,
less often thin sections, and rarely some chemical data. Since that time,
the rocks have been extensively studied, analyzed, and split, with numerous
published papers. These make the original catalog inadequate, outmoded, and
in some cases erroneous, providing the motivation for this revision. However,
The Apollo 16 Sample Information Catalog (1972) contains more information on
macroscopic observations for most samples than does the present volume.
Early catalogs were produced specifically for those rocks collected by
raking the regolith: LM area and Station 5 (Keil, Dowty, Prinz); Stations
I, 4, and 13 (Phinney and Lofgren); and Stations 11 and 8 (Smith and Steele).
These samples are included in the present catalog.
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ABBREVIATIONS

The following abbreviations have been used in this catalog:

ppl. : plane polarized light (i.e. transmitted light)
xpl. : crossed polarizers
rfl. : reflected light

JSC : Johnson Spacecraft Center
TSL : Thin Section Laboratory
TS : Thin Section
PM : Probe Mount
P.I. : Principal Investigator

ANT : Anorthosite-norite-troctolite suite of rocks; a catch-all acronjan for
rocks usually with granoblastic, poikiloblastic, or cumulate textures,
but sometimes brecciated, and with low abundances of incompatible
elements.

KREEP: acron_nn for rocks high in potassium, rare earth elements, and phos-
phorus, and usually lower in alumina than other highlands rocks. The
light rare earths are enriched over heavy rare earths, and a conspicuous
negative Eu anomaly is present.
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TNE APOLLO16 MISSION

The Apollo 16 mission (April 1972) to the Descartes landing site in the
central lunar highlands was the only Apollo mission restricted to highlands
terrain (Figures i,ii). Nence, samples from the site are of fundamental
importance in the understanding of lunar crustal evolution. Approximately
95 kg of rocks, mainly feldspathic breccias, and soils were collected during
three periods of extravehicular activity. Using the Lunar Roving Vehicle,
astronauts John W. Young and Charles M. Duke covered over 20 km of traverses,
and samples were collected from I0 different stations (Figure iii).

The mission had two prime sampling objectives: the Cayley Formation, an
example of highland plains; and the Descartes Formation, a rugged, hilly,
and furrowed terrain. The consensus of premission photogeological interpre-
tation was that both units were of probable volcanic origin; however, it
became apparent even during the mission that the samples were not volcanic
but predominantly impact-produced feldspathic breccias. The landing site
included a portion of the Cayley Plain and two areas of mountainous terrain:
Stone Mountain to the south and Smokey Mountain to the north. Traverses
were selected to sample 1) the Cayley Plains around the Lunar Module, 2)
Descartes material on Stone Mountain, 3) blocky debris around the rim of
North Ray Crater, a 1 km wide, 230 m deep crater which lies on the boundary
between Smokey Mountain and the Plains, and 4) blocky material from a ray
of the younger South Ray Crater, an almost 1 km wide crater in the Cayley
Plains. The exploration strategy was to use impact craters of various
diameters as stratigraphic probes.

_ The great majority of samples collected are feldspathic breccias of varied
characteristics. They incl_ude specimens chipped from boulders up to tens
of meters in size, individually collected hand samples, samples raked from
the regolith, and samples picked from regolith samples in the laboratory.
In all, more than 500 rocks have been individually numbered in addition to
the many regolith samples collected. The largest rock collected (61016) is
11,729 g; the smallest include many samples less than 1 g. The samples
include friable breccias, coherent breccias, and varied impact melts; many
of the latter have clast-free or near clast-free ophitic textures and were
almost completely molten during their formation. Glass, glassy breccias,
and glass coatings on breccias are common. A significant group are the
cataclastic anorthosites, nearly pure plagioclase and certainly shocked
igneous cumulates from the early lunar crust.

The Apollo 16 samples confirm that the highlands crust is feldspathic and
formed by a process involving plagioclase accumulation. The details of
variation between sampling sites have not yet been fully worked out; the
most obvious distinction is that samples, including soils, from the North
Ray Crater area are more aluminous (_28-30 wt% A1203) than those from other
areas (26-28 wt% A1203), and include more friable, fragmental, light-colored
breccias. North Ray Crater and South Ray Crater are about 50 m.y. and 2 m.y.
old respectively.
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Figure (i). Apollo and Luna sampling locations
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Fig,ure (ii). Apollo 16 landing site area (Apollo 16 metric camera
frame 439)
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Figure (,iii). Apollo 16 traverses and sampling stations (Apollo 16 pan
camera frame 4618)
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References to detailed studies on the Apollo 16 samples are cited in the
individual rock descriptions. The following list is a more general
selected bibliography pertaining to the geological interpretation, and rock
samples of the Apollo 16 landing site. The Proceeding of the Lunar Science
Conferences, in particular the 4th, contain many other relevant papers.

AFGIT (Apollo Field Geology Investigation Team) (1973) Apollo 16 exploration
of Descartes: A geologic summary. Science 179, 62-69.

AFGIT (in press) Geology of the Apollo 16 area, central lunar highlands
(G.E. Ulrich, C.A. Hodges and W.R. Muehlberger, eds.). U.S. Geol.
Survey Open File Report No. 79-1091, 1128 pp. (To be published as U.S.
Survey Prof. Paper No. 1048).

Apollo 16 Preliminary Examination Team (1973) The Apollo 16 lunar samples:
Petrographic and chemical description. Science 179, 43-54.

Elston D.P., Boudette EoL., Schafer J.P., Muehlberger W.R. and Sevier J.R.
(1972) Apollo 16 field trips. Geotimes 17, 27-30.

Head J.W. (1974) Stratigraphy of the Descartes region (Apollo 16): Impli-
cations for the origin of samples. The Moon 11, 77-99.

Hinners N.W. (1972) Apollo 16 site selection. Apollo 16 Prelim. Sci. Rep.
NASASP-315, p. 1-I.

Hodges C.A., Muehlberger W.R. and Ulrich G.E. (1973) Geologic setting of
z Apollo 16. Proc. Lunar Sci. Conf. 4th, p. 1-25.

H_rz F., Carrier W.D., III, Young J.W., Duke C.M., Nagle J.S. and Fryxell R.
(1972) Apollo 16 special samples. Apollo 16 Prelim. Sci. Rep. NASA
SP-315, p. 7-24 to 7-54.

LSAPT (Lunar Sample Analysis Planning Team) (1973) Fourth Lunar Science
Conference. Science 181, 615-622.

Milton D.J. (1968) Geologic map of the Theophilus Quadrangle of the Moon.
U.S. Geol. Survey Misc. Geol. Inv. Map 1-546 (LAC 78).

Milton D.J. and Hodges C.A. (1972) Geologic maps of the_Descartes region of
the Moon, Apollo 16 premission maps. U.S. Geol. Survey Misc. Geol. Inv.
Map 1-748 (2 sheets).

Ulrich G.E. (1973) A geologic model for North Ray Crater and stratigraphic
implications for the Descartes region. Proc. Lunar Sci. Conf. 4th, p. 27-
39.

Warner J.L., Simonds C.H., and Phinney W.C. (1973) Apollo 16 rocks: Classi-
fication and petrogenetic model. Proc. Lunar Sci. Conf. 4th, p. 481-504.

Wilshire H.G., Stuart-Alexander D.G., and Jackson E.D. (1973) Apollo 16 rocks:
Petrology and classification. J. Geophys. Res. 78, 2379-2392.
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NUMBERINGOF APOLLO16 SAMPLES

Five digit sample numbers were assigned each rock (coherent material greater
than about 1 cm), the unsieved portion and each sieve fraction of scooped
<I cm material, the drill bit and each drill stem and drive tube section and
each sample of special characteristic. Rocks include samples chipped from
boulders, individual hand samples, rake samples, and samples picked from rego-
lith during laboratory processing.

The first digit (6) is the mission designation for Apollo 16 (previous missions
used the first two digits). The second digit indicates sampling site, as fol-
lows:

Sampling Sit e Initial Number

LM, ALSEP 60000

Stations I0 and I0 prime 60000

Station 1 61000

Station 2 62000

Station 4 64000

Station 5 65000

Station 6 66000

Station 8 68000

Station 9 69000

Station II 67000

Station 13 63000

The only exceptions now known are 60017 which was collected at Station 13,
and 61017 which could be from Station 2, not Station I.

The first numbers for each area were used for drill stems, drive tubes, and
special samples (surface samplers), with an omitted number to separate drive
tube or drill stem strings. (For example, at Station 9, 69001 is a single
core tube and 69003 and 69004 are the two surface samplers.) Drill stem
sections and double drive tubes are numbered from the lower-most section up-
ward.

The last digit denotes sample type. Fines from a given documented bag are
ascribed numbers according to:

6wxyO unsieved material (usually <I cm)

6wxyl <I mm

6wxy2 I-2 mm

6wxy3 2-4 mm

6wxy4 4-10 mm

Rocks from a documented bag were numbered 6wxy5 - 6wxy9, usually in order of
decreasing size.
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Sample number decades were reserved for the contents of each documented bag.
In the cases where the number of samples overflowed a decade the next avail-
able decade was used for the overflow. For example DB II contained soil,
numbered 62280 - 62284, and 6 small rocks, numbered 62285 - 62289 and 62305.

Documented bags with predominantly soil samples were assigned even numbered
decades and those with rock samples were assigned odd-numbered decades. The
decades for rock samples usually only have an unsieved fines number for soil
(adhering to the rock or scooped up with it) mixed in with any fragments that
may have broken from the rock. For example, the 12 grams of soil and rock
fragments in DB 362 are numbered 61130 and the 245 gram rock is 61135.

Paired soil and rake samples for each sampling area were assigned by centuries
starting with 6x500. The soil sample documented bag has the first decade or
decades of the century, in conformity with the last digit coding for rocks
and fines (as explained above), and the rake sample documented bag uses the
following decades. For example, 67700 - 67708 were used for the sieve frac-
tions and four rocks from the soil sample in DB 388. Then for the companion
rake sample in DB 423, 67710 - 67714 were used for the fractions of soil and
the 32 >I cm rake fragments were numbered 67715 - 67719, 67725 - 67729, ... ,
67775, 67776.

As much as possible all samples returned loose in a sample collection bag or
a sample return container were numbered in a decade. In the cases in which
rocks from several stations were put into a single collection bag however,
the soil and rock fragments were assigned a decade number that conforms to
the site for the largest or most friable rock. The other rocks in the same
bag have numbers for their own site, generally in the second or third decade
of the thousand numbers for that site.

I-

ix



APOLLO16 ROCKSAMPLES:BASIC INVENTORY

The following pages are an inventory of all numbered Apollo 16 rock samples
and are updated from the Apollo 16 Sample Information Catalog (1972); rego-
lith and core samples are not included. Rock sample columns comprise the
type of sample, its mass, a brief descriptive name, and the container (s) in
which it was brought to earth.

Under SAMPLETYPE, a blank indicates that the sample was an individually col-
lected hand sample, in some cases chipped from boulders. An R indicates that
the sample was collected with many others by raking the regolith. A P indi-
cates that the sample was picked from a regolith sample during laboratory
processing in Houston. Details on sample collection can be found in the
Interagency Report: Astrogeology 51 (1972), the Apollo 16 Preliminary Science
Report (1972), Bailey and Ulrich (1978), and AFGIT (in press).

The DESCRIPTIONis not meant to be a formal classification nor to replace
existing classifications. The descriptive names are not entirely mutually
exclusive, because the categories are not precisely defined nor are all de-
fined on similar bases, hence fail the criteria for formal classification.
For samples for which thin sections have not been made the nature and genesis
of a rock is far less well-known than for those for which thin sections do
exist. Thus some of the rocks can be more specifically characterized than
others, and this is partly reflected in the descriptive name. The descrip-
tions contain few question marks, but actually in some cases are imprecise
and may be altered following further study. The name given is not precisely
the description given as the title line in the comprehensive descriptions in
the main part of this catalog; the title line usually contains more informa-
tion.

Early classifications of Apollo 16 rocks were given by Wilshire et al. (1973,
and in AFGIT, in press) and Warner et al. (1973), and a general c-Ta_ification
system for highlands rocks is prese_e_--and discussed by St_ffler et al. (1979,
1980).

The descriptive names used in the inventory are:

Basaltic impact melt: homogeneous, mainly subophitic to ophitic igneous tex-
ture, with clasts present in some but not all cases. Chemical data
show meteoritic contamination.

Variolitic impact melt: homogeneous, igneous texture with radiating clusters
of plagioclase, and interstitial glass and mafic minerals. Clasts are
usually present, and chemical data show meteorite contamination.

Poikilitic impact melt: homogeneous, generally igneous texture with numerous
tiny plagioclase grains embedded in larger oikocrysts of pyroxene (less
commonly olivine). Interoikocryst areas contain ilmenite and glass.
Clasts are usually conspicuous and more commonthan basaltic impact
melts, and chemical data show meteorite contamination. (Some workers
believe this texture to be metamorphic in origin).



The use of the above three terms usually requires that thin section study
j_ has been made. In cases where there is evidence that the sample is an

impact melt and is not aphanitic, but the texture cannot be identified, we
have used the more general term crystalline impact melt.

Fine-grained impact melt: numerous clasts in a seriate size distribution
embedded in a fine-grained (<50 um) melt matrix - the distinction be-
tween tiny clasts and the melt is usually difficult, but the melt in-
cludes laths of plagioclase and ilmenite.

Glassy impact melt: similar to the fine-grained impact melts but with more
glass and larger laths of plagioclase.

The above two terms have been used for samples both with and without thin
sections.

Glass, cindery glass, glassy breccia: these terms are used in a loose sense
to split a gradational series, from near homogeneous glasses with few
clasts through clearly polymict, clast-rich breccias with abundant
glass in the matrix. The glassy impact melts are also gradational
into this group; the distinction is that the glassy breccias may have
several stages of glass production or distinct glass entities, whereas
the glassy impact melts have glass produced in a single event. The
glasses include both clear and devitrified glasses, and both spherical
and irregular bodies.

Fragmental polymict breccia: polymict breccias characterized by angular,
unequilibrated mineral and lithic clasts. They are mainly friable,
although some are coherent and probably lightly sintered. They are a
diverse group with variable colors and clast contents; most of the
"light matrix breccias" in published studies are in this group.

Coherent polymict breccia: A catch-all phrase for mainly heterogeneous co-
herent polymict breccias with varied matrices from crystalline impact
melt, to glassy, to those of unidentified character. Most of these
are medium to dark gray in color.

Dilithologic breccias: Breccias which consist of two lithologies, one light-
colored (cataclastic anorthosite or granoblastic material), the other
dark-colored (usually fine-grained crystalline impact melt), generally
referred to in published studies as "Black-and-White" breccias.

Regolith breccia: coherent to friable rocks which are lithified soils or at
least contain abundant regolith-derived components such as glass beads,
glass shards, and agglutuntic material; usually dark gray to brown.

Friable regolith clod: mainly disaggregated, often brown, clods which appear
to have been loosely bound regolith.

Cataclastic anorthosite: near-monomineralic (plagioclase) rocks which are
brecciated but commonly contain relict plagioclase grains a few milli-
meters across. If chemical or other data indicates a lack of meteoritic
contamination the phrase Pristine cataclastic anorthosite is used. The
modifiers noritic and troctolitlC are also used.
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Other sparsely-used descriptive names, for which explanation see the
individual samples, are granoblastic anorthosite (60619), granoblastic
troctolitic anorthosite (61577), poikiloblastic impactite (67955, 67746),
granoblastic impactite (67566), and polymict granoblastic breccia (60035).
They consist largely of materials with clearly metamorphic textures. Such
lithic types are fairly commonas smaller clasts in other polymict breccias.
One sample (61576) is probably a single plagioclase crystal, and one sample
(67667) is a pristine feldspathic lherzolite.

Finally, some of the descriptive names are combined forms (e.g. glassy impact
melt/breccia) where two lithologies are conspicuous, and the prefix "meta-"
is used in a few cases where a dominantly igneous texture has been modified
by subsequent thermal effects.

The SAMPLECONTAINERacronyms are:

DB Documented bag
PDB Padded documented bag
SCB Sample collection bag
SRC Sample return container

Further details of sample containers can be found in the Interagency Report:
Astrogeology 51 (1972), and the Apollo 16 Sample Information Catalog (1972).

References Cited:
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APOLLO16 ROCKINVENTORY

SRC/DB
SAMPLE SAMPLE OR
NUMBER TYPE MASS_ DESCRIPTION* SCB/DB

60015 5574.0 Pristine cataclastic anorthosite (G) SCB5/
60016 4307.0 Fragmental polymict breccia SCB7/
60017 2102.0 Variolitic impact melt/breccia SCB7/
60018 1501.0 Basaltic impact melt (G) SCB7/ •
60019 1887.0 Glassy (regolith?) breccia (G) SCB4/

60025 1836.0 Pristine cataclastic anorthosite (G) SCB3/

60035 1052.0 Polymict granoblastic breccia (G) SRCI/351

60055 35.48 Pristine cataclastic anorthosite SRCl/355
60056 16.07 Cataclastic anorthosite (G) SRCI/355
60057 3.10 Cataclastic anorthosite SRCI/355
60058 2.12 Fragmental polymict breccia SRCI/355
60059 1.05 Cataclastic anorthosite SRC1/355

60075 183.8 Fragmental polymict breccia SRCl/373

60095 46.60 Glass SCB1/O04

60115 132.5 Glassy breccia SCBI/381

60135 137.7 Cataclastic anorthosite (G) SCB6/430

60215 385.8 Pristine cataclastic anorthosite (G) SCB6/13

60235 70.13 Basaltic impact melt SCB6/15

60255 871.0 Regolith breccia (G) SCB6/17

60275 255.2 Glassy breccia (regolith?) (G) SCB7/18

60315 787.7 Poikilitic impact melt SCB7/20

60335 317.8 Basaltic impact melt SCB6/331

60515 R 16.74 Cataclastic anorthosite SCB4/349
60516 R 7.91 Cataclastic anorthosite SCB4/349
60517 R 1.23 Cataclastic anorthosite SCB4/349
60518 R 1.12 Cataclastic anorthosite SCB4/349
60519 R .50 Cataclastic anorthosite SCB4/349

60525 R 12.84 Poikilitic impact melt SCB4/349
60526 R 8.42 Poikilitic impact melt SCB4/349
60527 R 7.36 Crystalline polymict breccia/glass(G)SCB4/349
60528 R 2.94 Glassy impact melt SCB4/349
60529 R 1.24 Basaltic impact melt SCB4/349

* A (G) following the descriptive name indicates that the rock is at least
partly coated with glass.
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SRC/DB
SAMPLE SAMPLE OR
NUMBER TYPE MASS_ DESCRIPTION SCB/DB

60535 R 7.23 Fragmental polymict (regolith?) SCB4/349
breccia (G)

60615 R 32.97 Basaltic impact melt (G) SCB4/347
60616 R 3.40 Poikilitic impact melt SCB4/347
60617 R 2.77 Crystalline impact melt (G) SCB4/347
60618 R 21.67 Basaltic impact melt/anorthosite SCB4/347
60619 R 28.00 Granoblasticanorthosite(G) SCB4/347

60625 R 117.00 Poikiliticimpactmelt SCB4/347
60626 R 15.87 Poikiliticimpactmelt SCB4/347
60627 R 12.09 Crystallineimpactmelt (G) SCB4/347
60628 R 6.86 Cataclasticanorthosite(G) SCB4/347
60629 R 4.92 Cataclasticanorthosite(G) SCB4/347

60635 R 15.05 Basaltic impactmelt SCB4/347
60636 R 35.65 Basaltic/poikiliticimpactmelt (G) SCB4/347
60637 R 7.98 Fragmentalpolymict (regolith?) SCB4/347

breccia
60638 R .72 Fragmentalpolymictbreccia SCB4/347
60639 R 175.1 Fragmentalpolymictbreccia (G) SCB4/347

60645 R 33.5 Fine-grainedimpactmelt SCB4/347
60646 R 3.39 Fine-grainedimpactmelt SCB4/347
60647 R 1.76 Glassy impact melt SCB4/347
60648 R 2.84 Glassy breccia SCB4/347
60649 R 1.03 Glassy breccia SCB4/347

60655 R 8.63 Glassy impactmelt SCB4/347
60656 R 11.23 Glassy impactmelt SCB4/347
60657 R 6,05 Fragmentalpolymictbreccia (G) SCB4/347
60658 R 5.47 Glassy impact melt (G) SCB4/347
60659 R 22.20 Fragmental polymict breccia SCB4/347

60665 R 90.1 Glass SCB4/347
60666 R 15.95 Glassy impact melt SCB4/347
60667 R 7.66 Glassy/basaltic impact melt (G) SCB4/347
60668 R 2.91 Glassy impact melt SCB4/347
60669 R 2.54 Glass SCB4/347

60675 R 1.30 Fine-grained impact melt SCB4/347
60676 R 8.92 Glassy impact melt SCB4/347
60677 R 5.23 Glassy breccia SCB4/347
60678 R 1.25 Glassy impact melt SCB4/347
60679 R 2.96 Glassy impactmelt SCB4/347

61015 1804.0 Dilithologicbreccia (G) SRC1
61016 11729.0 Basaltic impactmelt/pristine BSLSS

anorthosite(G)
61017 2.62 Cataclasticanorthosite SRC1/

61135 245.1 Fragmentalpolymict breccia SRC1/362
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SRC/DB
SAMPLE SAMPLE OR
NU_BER TYPE _ DESCRIPTION SCB/DB

61155 47.59 Glassy impact melt SRCI/371
61156 58.46 Meta-poikilitic impact melt SRCI/371
61157 11.26 Fragmental polymict breccia SRCI/371
61158 14.79 Fragmental polymict breccia SRCI/371

61175 542.7 Fragmental polymict breccia SRCI/364

61195 587.9 Regolith breccia (G) SRCl/O02

61225 3.52 Crystalline impact melt SRCI/357
61226 1.53 Cataclasticanorthosite(G) SRC1/357

61245 8.25 Fine-grainedimpactmelt SRC1/352

61246 6.05 Fine-grainedimpactmelt SRC1/352
61247 2.48 Poikiliticimpactmelt SRCI/352
61248 1.71 Fragmentalpolymictbreccia SRC1/352
61249 1.17 Basaltic impactmelt SRC1/352

61255 1.13 Cindery glass SRCI/352

61295 187.00 Regolith breccia SRC1/353

61505 P 1.651 Fine-grainedimpact melt SRCI/354

61515 R 2.00 Fragmentalpolymictbreccia SRC1/372
61516 R 2.38 Fragmentalpolymictbreccia SRC1/372
61517 R .47 Fragmentalpolymict breccia SRC1/372
61518 R .16 Fragmentalpolymictbreccia SRC1/372
61519 R .33 Fragmentalpolymict breccia SRC1/372

61525 R 10.35 Glassy breccia SRC1/372
61526 R 4..08 Fragmentalpolymictbreccia SRC1/372
61527 R .52 Fragmentalpolymictbreccia SRC1/372
61528 R .24 Fragmentalpolymictbreccia (G) SRC1/372
61529 R .28 Fragmentalpolymict breccia SRC1/372

61535 R .23 Fragmentalpolymict breccia (G) SRC1/372
61536 R 85.99 Glassy breccia (G) SRC1/372
61537 R 6,62 Fragmentalpolymictbreccia (G) SRCl/372
61538 R 4,76 Fragmentalpolymictbreccia (G) SRC1/372
61539 R 5,78 Glassy breccia SRC1/372

61545 R 3.61 Fragmentalpolymiczbreccia (G) SRCI/372
61546 R 110.7 Glassy impactmelt SRC1/372
61547 R 17.93 Basaltic impactmelt (G?) SRC1/372
61548 R 24.18 Glassy impact melt SRC1/372
61549 R 3.76 Basaltic/poikiliticimpactmelt SRC1/372
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61555 R 3.46 Glassy impact melt SRCI/372
61556 R 2.23 Glass SRCI/372
61557 R .93 Glassy impact melt SRCI/372
61558 R 3.00 Glass SRCI/372
61559 R .62 Glassy breccia SRCI/372

61565 R .88 Glassy breccia SRCI/372
61566 R .66 Glassy impact melt SRCI/372
61567 R .19 Glassy impact melt SRC1/372
61568 R 19.32 Basaltic/poikilitic impact melt SRC1/372
61569 R 12.02 Poikilitic impact melt SRCI/372

61575 R 5.26 Crystalline impact melt SRC1/372
61576 R 5.87 Plagioclase crystal (G) SRC1/372
61577 R .21 Granoblastic troctolitic SRCI/372

anorthosite (G)

62235 319.6 Poikilitic impact melt SRC1/O05
62236 57.27 Pristine noritic anorthosite SRC1/O05
62237 62.35 Pristine troctolitic anorthosite SRC1/O05
62238 1.565 Cataclastic anorthosite SRCI/O05

62245 P 6.03 Crystalline impact melt SRCl/O06
62246 P 4.59 Cataclastic anorthosite (G) SRC1/O06
62247 P 2.11 Fragmental polymict breccia SRCI/O06
62248 P 1.61 Fragmental polymict breccia (G) SRCI/O06
62249 P 1.41 Fragmental polymict breccia SRCI/O06

62255 1239.0 Dilithologic breccia (G) SRCl/O07

62275 443.0 Cataclastic anorthosite SRC1/O09

62285 P 3.524 Friable regolith clod SRC1/OII
62286 P 2.917 Friable regolith clod SRCI/OII
62287 P 2.474 Fine-grained impact melt SRCl/OI1
62288 P 1.939 Fragmental or crystalline polymict SRCl/011

breccia
62289 P 1.135 Friable regolith clod SRCI/OII

62295 250.8 Basaltic impact melt SRCI/OIO

62305 P .810 Fragmental polymict breccia SRCl/011

62315 P .77 Fragmental polymict breccia SRC1/O06

63335 65.4 Fine-grained impact melt/breccia SCB6/428

63355 68.24 Poikilitic impact melt SCB6/429
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63505 P 5.41 Fine-grained impact melt SCB4/346
63506 P 4.9 Basaltic impact melt SCB4/346
63507 P 2.78 Fragmental regolith breccia (G) SCB4/346
63508 P 2.61 Fine-grained impact melt SCB4/346
63509 P 2.05 Fine-grained impact melt SCB4/346

63515 P 1.32 Fine-grained impact melt SCB4/346

63525 R 6.68 Fine-grained impact melt SCB4/345
63526 R 2,91 Fine-grained impact melt SCB4/345
63527 R 6.10 Basaltic impact melt (mafic) SCB4/345
63528 R 4.12 Fine-grained impact melt SCB4/345
63529 R 23.48 Fine-grained impact melt SCB4/345

63535 R 6.85 Basaltic impact melt SCB4/345
63536 R 1.02 Basaltic impact melt SCB4/345
63537 R 4.78 Basaltic impact melt SCB4/345
63538 R 35.06 Fine-grained impact melt/glass SCB4/345
63539 R .39 Fine-grained impact melt SCB4/345

63545 R 15.95 Basaltic impact melt SCB4/345
63546 R 9.23 Fine-grained imPact melt SCB4/345
63547 R 4.90 Poikilitic impact melt SCB4/345
63548 R 1.13 Fine-grained impact melt SCB4/345
63549 R 26.57 Basaltic impact melt SCB4/345

63555 R 3.38 Fine-grained impact melt SCB4/345
63556 R 18.10 Poikilitic impact melt SCB4/345
63557 R 7.53 Fine-grained impact melt SCB4/345
63558 R 7.09 Poikilitic impact melt SCB4/345
63559 R 6.04 Glass SCB4/345

63565 R .94 Glass SCB4/345
63566 R 19.61 Glass SCB4/345
63567 R 3.21 Glass SCB4/345
63568 R 4.06 Glass SCB4/345
63569 R .43 Glass SCB4/345

63575 R 4.72 Glass SCB4/345
63576 R 1.23 Glass SCB4/345
63577 R 12.41 Crystalline polymict breccia SCB4/345
63578 R 19.60 Glassy/fine-grained impact melt SCB4/345

breccia
63579 R 11.35 Fine-grained impact melt SCB4/345

63585 R 32.62 Basaltic/poikilitic impact melt SCB4/345
63586 R 1.98 Fine-grained impact melt SCB4/345
63587 R 20.51 Poikilitic impact melt SCB4/345
63588 R 2.40 Fragmental polymict breccia SCB4/345
63589 R 13.51 Fragmentalpolymictbreccia SCB4/345
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63595 R 2.10 Fragmental polymict breccia SCB4/345
63596 R 6.40 Poikilitic impact melt SCB4/345
63597 R 5.67 Poikilitic impact melt SCB4/345
63598 R 12.66 Poikilitic impact melt SCB4/345

64425 14.62 Dilithologic breccia SCB3/399

64435 1079.0 Fine-grained impact melt (G) SCB1/394

64455 56.68 Basaltic impact melt (G) SCB3/397

64475 1032.0 Dilithologic breccia SCB3/398
64476 125.1 Dilithologic breccia SCB3/398
64477 19.32 Glassy breccia SCB3/398
64478 12.34 Poikilitic impact melt (G) SCB3/398

64505 P 5.392 Fragmental polymict breccia SCBI/396
64506 P 5.079 Basaltic impact melt (G) SCB1/396
64507 P 4.474 Dilithologic breccia SCB1/396
64508 P 4.168 Dilithologic breccia SCBI/396
64509 P 3.150 Fragmental polymict breccia SCBI/396

64515 P 3.761 Basaltic impact melt SCB1/396
64516 P 2.929 Cataclastic anorthosite SCB1/396
64517 P 1.546 Crystalline polymict breccia SCB1/396
64518 P 1.490 Fine-grained impact melt SCB1/396
64519 P 1.124 Cataclastic anorthosite SCBI/396

64525 P 1.107 Cataclastic anorthosite SCBI/396

64535 R 256.6 Dilithologic breccia SCB1/395
64536 R 177.5 Dilithologic breccia SCBI/395
64537 R 124.3 Dilithologic breccia SCB1/395
64538 R 30.03 Polylithologic breccia SCB1/395
64539 R 17.76 Dilithologic breccia SCB1/395

64545 R 14.09 Dilithologic breccia SCBI/395
64546 R 12.80 Dilithologic breccia SCBI/395
64547 R 10.90 Fragmental polymict or dilithologic SCB1/395

breccia
64548 R 8.49 Dilithologic breccia SCB1/395
64549 R 6.47 Dilithologic breccia SCB1/395

64555 R 5.29 Fragmental dilithologic breccia SCB1/395
64556 R 5.15 Dilithologic or polymict breccia SCB1/395
64557 R 4.790 Fine-grained _mpact melt SCBI/395
64558 R 3.130 Dilithelogic breccia SCB1/395
64559 R 21.82 Basaltic impact melt SCB1/395
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64565 R 14.73 Glassy impactmelt SCB1/395
64566 R 14.13 Fine-grainedimpactmelt SCB1/395
64567 R 13.86 Poikiliticimpactmelt SCB1/395
64568 R 9.379 Poikiliticimpactmelt SCB1/395
64569 R 14.32 Poikiliticimpactmelt SCBI/395

64575 R 6.837 Poikiliticimpactmelt SCB1/395
64576 R 6.916 Basaltic impactmelt SCBI/395
64577 R 5.692 Glassy breccia SCB1/395
64578 R 5.596 Fine-grainedimpactmelt (G) SCB1/395
64579 R 4.802 Fine-grainedimpactmelt SCBI/395

64585 R 4.696 Basaltic/poikiliticimpactmelt SCBI/395
64586 R 3.337 Fine-grainedimpactmelt (G) SCB1/395
64587 R 7.180 Fragmentalpolymictbreccia (G) SCB1/395
64588 R 2.546 Fragmentalpolymictbreccia SCBI/395
64589 R 4.039 Cataclasticanorthosite SCB1/395

64815 R 20.90 Meta-poikiliticimpactmelt SCB3/401
64816 R 3.83 Poikilitic impactmelt SCB3/401
64817 R 8.98 Basaltic impactmelt SCB3/401
64818 R 15.98 Dilithologicbreccia SCB3/401
64819 R 11.76 Pristinecataclasticanorthosite(G) SCB3/401

64825 R 21.50 Fragmentalpolymict breccia SCB3/401
64826 R 11.33 Fragmentalpolymictbreccia SCB3/401
64827 R 8.11 Fragmentalpolymictbreccia SCB3/401
64828 R .97 Fragmentalpolymict breccia SCB3/401
64829 R 2.20 Fragmentalpolymict breccia SCB3/401

64835 R 2.32 Fragmentalpolymict breccia SCB3/401
64836 R 1.76 Fragmentalpolymict breccia SCB3/401
64837 R 2.18 Fragmentalpolymict breccia (G) SCB3/401

65015 1802.0 Poikiliticimpactmelt SCB3/
65016 21.02 Glass SCB1/

65035 446.1 Cataclasticanorthosite(G) SCBI/404

65055 500.8 Basaltic impactmelt SCB3/337
65056 64.78 Varioliticimpactmelt SCB3/337

65075 107.9 Basaltic impactmelt (G) SCB1/403

65095 560.1 Fragmentalpolymict (regolith?) SCB3/336
breccia (G)

65315 300.4 Pristinecataclasticanorthosite(G) SCB1/405
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65325 R 67.87 Pristine cataclastic anorthosite (G) SCBI/405
65326 R 36.40 Cataclastic anorthosite SCBI/405
65327 R 6.97 Pristine cataclastic anorthosite (G) SCB1/405
65328 R 1.28 Cataclastic anorthosite (G) SCBI/405
65329 R 1.92 Cataclastic anorthosite SCB1/405

65335 R 1.63 Cataclastic anorthosite SCBI/405
65336 R .60 Cataclastic anorthosite (G) SCBI/405
65337 R 11.57 Fragmental polymict breccia SCB1/405
65338 R 2.65 Fragmental polymict breccia SCB1/405
65339 R 1.62 Fragmental polymict breccia SCB1/405

65345 R .86 Fragmental polymict breccia SCB1/405
65346 R .80 Fragmental polymict breccia SCB1/405
65347 R .43 Fragmental polymict breccia SCBI/405
65348 R 11.66 Glass SCB1/405
65349 R 7.58 Glassy impact melt SCBI/405

65355 R 4.94 Glassy impact melt SCB1/405
65356 R 2.53 Glassy impact melt SCB1/405
65357 R 18.76 Poikilitic impact melt SCB1/405
65358 R 7.02 Poikilitic impact melt SCB1/405
65359 R 2.53 Fragmental polymict breccia (G) SCB1/405

65365 R 2.16 Poikilitic impact melt SCBI/405
65366 R 8.48 Glass SCB1/405

65515 R 50.25 Fragmental polymict breccia SRC2/332
(regolith clod)

65516 R 10.49 Fragmental polymict breccia SRC2/332
(regolith clod)

65517 R 11.85 Fragmental polymict breccia SRC2/332
(regolith clod)

65518 R 9.477 Fragmental polymict breccia SRC2/332
(regolith clod)

65519 R 10.58 Fragmental polymict breccia SRC2/332
(regolith clod)

65525 R 7.483 Fragmental polymict breccia SRC2/332
(regolith clod)

65526 R 3.545 Fragmental polymict breccia SRC2/332
(regolith clod)

65527 R 2.890 Fragmental polymict breccia SRC2/332
(regolith clod)

65528 R 3.082 Fragmental polymict breccia SRC2/332
(regolith clod)

65529 R 2.555 Fragmental polymict breccia SRC2/332
(regolith clod)
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65535 R 2.658 Fragmental polymict breccia SRC2/332
(regolith clod)

65536 R 1.575 Fragmental polymict breccia SRC2/332
(regolith clod)

65537 R 2.426 Fragmental polymict breccia SRC2/332
(regolith clod)

65538 R 2.342 Fragmental polymict breccia SRC2/332
(regolith clod)

65539 R 2.180 Fragmental polymict breccia SRC2/332
(regolith clod)

65545 R 1.797 Fragmental polymict breccia SRC2/332
(regolith clod)

65546 R 1.346 Fragmental polymict breccia SRC2/332
(regolith clod)

65547 R 1.587 Fragmental polymict breccia SRC2/332
(regolith clod)

65548 R 3.023 Fragmental polymict breccia SRC2/332
(regolith clod)

65549 R 2.094 Fragmental polymict breccia SRC2/332
(regolith clod)

65555 R 2.202 Fragmental polymict breccia SRC2/332
(regolith clod)

65556 R 1.170 Fragmental polymict breccia SRC2/332
(regolith clod)

65557 R 1.114 Fragmental polymict breccia SRC2/332
(regolith clod)

65558 R 1.695 Fragmental polymict breccia SRC2/332
(regolith clod)

65559 R 1.533 Fragmental polymict breccia SRC2/332
(regolith clod)

65565 R .852 Fragmental polymict breccia SRC2/332
(regolith clod)

65566 R 1.998 Fragmental polymict breccia SRC2/332
(regolith clod)

65567 R 1.289 Fragmental polymict breccia SRC2/332
(regolith clod)

65568 R .808 Fragmental polymict breccia SRC2/332
(regolith clod)

65569 R .873 Fragmental polymict breccia SRC2/332
(regolith clod)
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b5575 R .907 Fragmental polymict breccia SRC2/332
(regolith clod)

65576 R ,906 Fragmental polymict breccia SRC2/332
(regolith clod)

65577 R .706 Fragmental polymict breccia SRC2/332
(regolith clod)

65578 R .320 Fragmental polymict breccia SRC2/332
(regolith clod)

65579 R .612 Fragmental polymict breccia SRC2/332
(regolith clod)

65585 R 9.294 Cindery glass SRC2/332
65586 R 6.763 Fragmental polymict breccia SRC2/332

(regolith clod) (G)
65587 R 2.141 Fragmental polymict breccia SRC2/332

(regolith clod) (G)
65588 R 9.629 Fragmental polymict breccia SRC2/332

65715 R 31.36 Fragmental polymict breccia SCBI/334
65716 R 14.28 Fragmental polymict breccia SCB1/334
65717 R 7.415 Fragmental polymict breccia SCBI/334
65718 R 10.61 Fragmental polymict breccia SCBI/334
65719 R 7.04 Fragmental pglymict breccia SCB1/334

65725 R 6.67 Fragmental polymict breccia SCBI/334
65726 R 5.19 Fragmental polymict breccia SCB1/334
65727 R 4.30 Fragmental polymict breccia SCB1/334
65728 R 4.22 Fragmental polymict breccia SCBI/334
65729 R 3.81 Fragmental polymict breccia SCB1/334

65735 R 4.26 Fragmental polymict breccia SCB1/334
65736 R 2.74 Fragmental polymict breccia SCB1/334
65737 R .85 Fragmental polymict breccia SCB1/334
65738 R 1.17 Fragmental polymict breccia SCB1/334
65739 R .95 Fragmental polymict breccia SCBI/334

65745 R 7.76 Fragmental polymict (regolith?) SCBI/334
breccia

65746 R 4.19 Regolith breccia SCB1/334
65747 R .82 Fragmental polymict (regolith?) SCBI/334

breccia
65748 R .97 Fragmental polymict (regolith?) SCBI/334

breccia
65749 R .95 Fragmental polymict (regolith?) SCB1/334

breccia

65755 R 1.42 Glassy impact melt or regolith SCB1/334
breccia

65756 R .77 Fragmental polymict breccia SCB1/334
65757 R 26.20 Glassy impact melt SCBI/334
65758 R 5.95 Dilithologic or crystalline polymict SCBI/334

breccia
65759 R 3.11 Cataclastic anorthosite (G) SCBI/334

xxiii



SRC/DB
SAMPLE SAMPLE OR __
NUMBER TYPE MASS_ DESCRIPTION SCB/DB

65765 R 1.12 Dilithologic breccia or melt-coated SCB1/334
anorthosite (G?)

65766 R 1.01 Cataclastic anorthosite SCB1/334
65767 R 17.51 Glass SCBI/334
65768 R 3.25 Fragmental polymict breccia (G) SCB1/334
65769 R 2.74 Fragmental polymict breccia (G) SCBI/334

65775 R 3.50 Fragmental polymict breccia (G) SCBI/334
65776 R 2.33 Glassy impact melt SCB1/334
65777 R 16.53 Poikilitic impact melt (G) SCB1/334
65778 R 12.22 Poikilitic impact melt SCB1/334
65779 R 12.71 Basaltic impact melt SCB1/334

65785 R 5.16 Basaltic impact melt SCB1/334
65786 R 83.02 Glassy breccia (G) SCBI/334
65787 R 8.28 Crystalline polymict breccia (G) SCBI/334
65788 R 9.32 Glassy impact melt SCBI/334
65789 R 12.24 Cataclastic anorthosite (G) SCBI/334

65795 R 6.84 Basaltic impact melt SCBI/334

65905 P 12.08 Basaltic impact melt SCB1/406
65906 P 6.584 Basaltic impact melt (G) SCBI/406
65907 P 4.658 Fragmental polymict breccia SCB1/406
65908 P 2.162 Glass SCB1/406
65909 P 2.024 Cataclastic anorthosite SCB1/406

65915 P 2.060 Glassy or fine-grained impact melt SCBI/406
65916 P 0.994 Cataclastic anorthosite SCBI/406

65925 R 3.82 Fragmental polymict (regolith?) SCBI/335
breccia

65926 R 3.03 Fragmental polymict (regolith?) SCBI/335
breccia

65927 R .72 Fragmental polymict (regolith?) SCB1/335
breccia

66035 211.4 Fragmental po]ymict breccia (G) SCB1/407
66036 4.384 Fragmental polymict breccia SCB1/407
66037 3.718 Glassy breccia SCBI/407

66055 1306.0 Polymict or dilithologic breccia SCBI/408

66075 347,1 Fragmental polymict breccia SRC2/409

66085 3.66 Fragmental polymict breccia SRC2/339
66086 2.027 Fragmental polymict breccia SRC2/339

66095 1185.0 Basaltic impact melt (G) SCB1/410
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67015 1194.0 Fragmental polymict breccia SCB7/
67016 4262.0 Fragmental polymict breccia BSLSS

67025 16.06 Basaltic impact melt (G) BSLSS

67035 245.2 Fragmental polymict breccia SCB7/382

67055 221.9 Fragmental polymict breccia SCB7/383

67075 219.2 Cataclastic anorthosite SCB7/384

67095 339.8 Basaltic impact melt (G) SCB7/385

67115 240.0 Fragmental polymict breccia (G) SCB7/386

67215 276.2 Fragmental (monomict granoblastic) SCB6/PDBI
breccia

67235 937.2 Poikilitic impact melt SCB6/PDB2

67415 174.9 Cataclasticnoritic anorthosite SCB6/387

67435 353.5 Crystallinepolymictbreccia (G) SCB6/415

67455 942.2 Fragmentalpolymict breccia SCB6/416

67475 175.1 Glassy impactmelt/breccia SCB6/418

67485 P 6.55 Fine-grainedimpactmelt SCB6/419
67486 P 5.80 Glass SCB6/419
67487 P 2.65 Fine-grainedimpactmelt SCB6/419
64788 P 2.25 Fine-grainedimpactmelt SCB6/419
67489 P 2.06 Basaltic impactmelt SCB6/419

67495 P 1.34 Fine-grainedimpact melt SCB6/419

67515 R 60.8 Fragmentalpolymictbreccia SCB6/420
67516 R 14.38 Crystallinepolymictbreccia SCB6/420
67517 R 9.65 Fragmentalpolymictbreccia SCB6/420
67518 R 3.74 Fragmentalpolymict brecciaor SCB6/420

cataclasticanorthosite

67519 R 2.04 Fragmentalpolymictbreccia SCB6/420

67525 R 2.52 Cataclasticanorthosite SCB6/420
67526 R 2.44 Fragmentalpolymict breccia SCB6/420
67527 R 2.40 Fragmentalpolymictbreccia SCB6/420
67528 R 1.24 Fragmental polymictbreccia SCB6/420
67529 R 1.13 Cataclasticanorthosite SCB6/420
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67535 R .99 Fragmental breccia or cataclastic SCB6/420
anorthosite

67536 R 1.20 Fragmental breccia or cataclastic SCB6/420
anorthosite

67537 R 1.29 Cataclastic anorthosite SCB6/420
67538 R 1.77 Fragmental polymict breccia SCB6/420
67539 R 2.12 Fragmental polymict breccia SCB6/420

67545 R 1.88 Fragmental polymict breccia SCB6/420
67546 R 1.50 Fragmental polymict breccia SCB6/420
67547 R .83 Fragmental polymict breccia SCB6/420
67548 R 1.36 Fragmental polymict breccia SCB6/420
67549 R 43.1 Fragmental polymict breccia SCB6/420

67555 R 3.54 Glassy breccia SCB6/420
67556 R 82.1 Basaltic impact melt SCB6/420
67557 R 3.30 Regolith breccia SCB6/420
67558 R 2.56 Fragmental polymict breccia SCB6/420
67559 R 32.9 Basaltic impact melt SCB6/420

67565 R 10.43 Poikilitic impact melt SCB6/420
67566 R 4.31 Granoblastic impactite SCB6/420
67567 R 11.51 Glass SCB6/420
67568 R 11.05 Glass SCB6/420
67569 R 7.27 Glass SCB6/420

67575 R 4.47 Glassy breccia SCB6/420
67576 R 3.98 Glassy breccia (regolith?) SCB6/420

67605 P 44.52 Fragmental polymict breccia SCB6/422

67615 R 8.77 Fine-grained impact melt SCB6/421
67616 R 21.29 Fine-grained impact melt SCB6/421
67617 R 14.32 Fine-grained impact melt SCB6/421
67618 R 11.17 Crystalline breccia (G) SCB6/421
67619 R 6.15 Fine-grained impact melt SCB6/421

67625 R 6.72 Fine-grained impact melt SCB6/421
67626 R 19.19 Crystalline polymict breccia SCB6/421
67627 R 79.64 Glass SCB6/421
67628:renumbered 67685-88
67629 R 5.43 Glass SCB6/421

67635 R 9.12 Pristine cataclastic anorthosite SCB6/421
67636 R 3.23 Pristine cataclastic anorthosite SCB6/421
67637 R 2.34 Pristine cataclastic anorthosite SCB6/421
67638 R 7.23 Fragmental/glassy po!ymict breccia SCB6/421
67639 R 7.34 Crystalline polymict breccia SCB6/421
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67645 R .84 Fragmental polymict breccia SCB6/421
67646 R 3.94 Fragmental polymict breccia SCB6/421
67647 R 47.72 Regolith breccia SCB6/421
67648 R 7.88 Crystalline(?) polymict breccia SCB6/421
67649 R 1.60 Fragmental polymict breccia SCB6/421

67655 R 4.11 Crystalline polymict breccia SCB6/421
67656 R 1.93 Fragmental polymict breccia SCB6/421
67657 R 1,70 Fragmental polymict breccia SCB6/421
67658 R 1,35 Fragmental polymict breccia SCB6/421
67659 R 1.62 Crystalline or fragmental polymict SCB6/421

breccia

67665 R 5.88 Fragmental polymict breccia SCB6/421
67666 R 5.47 Glassy breccia SCB6/421
67667 R 7.89 Pristine feldspathic lherzolite SCB6/421
67668 R 3.58 Poikilitic impact melt SCB6/421
67669 R 12.54 Fragmental polymict breccia SCB6/421

67675 R 1.07 Glass SCB6/421
67676 R 2.33 Variolitic impact melt SCB6/421

67685 R 28.04 Cindery glass SCB6/421
67686 R 11.75 Cindery glass SCB6/421
67687 R 7.60 Cindery glass SCB6/421
67688 R 2.32 Cindery glass SCB6/421

67695 R 14.02 Glass SCB6/421
67696 R 7.85 Glass SCB6/421
67697 R 5.54 Glassy breccia SCB6/421

67705 P 5.82 Glass SCB4/388
67706 P 1.52 Fragmental polymict breccia SCB4/388
67707 P 1.42 Fragmental polymict breccia SCB4/388
67708 P 1.33 Fragmental polymict breccia (G) SCB4/388

67715 R 9.44 Fine-grained impact melt SCB4/423
67716 R 17.02 Fine-grained impact melt SCB4/423
67717 R 5.56 Glassy breccia SCB4/423
67718 R 41.05 Fine-grained impact melt and SCB4/423

fragmental breccia
67719 R 2.13 Fine-grained impact melt SCB4/423

67725 R 5.85 Crystalline polymict breccia (G) SCB4/423
67726 R 4.53 Crystalline polymict breccia SCB4/423
67727 R 1.80 Fine-grained impact melt SCB4/423
67728 R 9.25 Fine-grained impact melt SCB4/423
67729 R 73.2 Glassy breccia SCB4/423

xxvii



SRC/DB
SAMPLE SAMPLE OR

NUMBER TYPE MASS_ DESCRIPTION SCB/DB -

67735 R 13.30 Glassy impact melt/breccia SCB4/423
67736 R 14.92 Crystalline impact melt SCB4/423
67737 R 4.56 Fine-grained impact melt SCB4/423
67738 R 5.84 Fine-grained impact melt SCB4/423
67739 R 2.03 Fine-grained impact melt SCB4/423

67745 R 3.53 Fine-grained impact melt SCB4/423
67746 R 3.47 Poikiloblastic inpactite SCB4/423
67747 R 6.30 Basaltic impact melt SCB4/423
67748 R 4.74 Fine-grained impact melt SCB4/423
67749 R 11.47 Fragmental polymict breccia SCB4/423

67755 R 3.53 Fine-grained impact melt SCB4/423
67756 R 4.82 Crystalline polymict breccia SCB4/423
67757 R 4.83 Basaltic/poikilitic impact melt SCB4/423
67758 R 4.06 Crystalline polymict breccia SCB4/423
67759 R 4.56 Fragmental polymict breccia SCB4/423

67765 R 1.73 Fine-grained impact melt SCB4/423
67766 R 5.47 Crystalline polymict breccia SCB4/423
67767 R 1.67 Fragmental polymict breccia SCB4/423
67768 R .99 Fragmental polymict breccia SCB4/423
67769 R 3.05 Poikilitic impact melt SCB4/423

67775 R 6.58 Fine-grained impact melt SCB4/423
67776 R 3.10 Fragmental polymict breccia SCB4/423

67915 2559.0 Crystalline polymict breccia SCB4/

67935 108.9 Basaltic impact melt SCB4/389
67936 6!.82 Basaltic impact melt SCB4/389
67937 59.67 Basaltic impact melt SCB4/389

67945 4.37 Basaltic impact melt (G?) SCB4/390
67946 3.20 Variolitic impact melt SCB4/390
67947 2.43 Basaltic impact melt SCB4/390
67948 1.59 Basaltic impact melt SCB4/390

67955 162.6 Poikiloblastic impactite SCB4/390
67956 3.70 Basaltic impact melt SCB4/390
67957 1.73 Glassy breccia SCB4/390

67975 446.6 Fragmental polymict breccia (G) SCB4/392

68035 20,96 Crystalline polymict breccia (G) SCB3/413

68115 1191.0 Glassy breccia SRC2/340

68415 371.2 Basaltic impact melt SRC2/341-2
68416 178.4 Basaltic impact melt SRC2/341
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SRC/DB
SAMPLE SAMPLE OR
NUMBER TYPE MASS_ DESCRIPTION SCB/DB

68505 P 1.30 Poikilitic impact melt SCB3/412

68515 R 236.1 Dilithologic or polymict breccia(G) SCB3/411
68516 R 34.04 Fine-grained/glassy impact melt SCB3/411
68517 R 13.13 Crystalline of fragmental polymict SCB3/411

breccia (G)
68518 R 29.82 Glass SCB3/411
68519 R 10.56 Basaltic impact melt (G) SCB3/411

68525 R 38.96 Poikilitic impact melt (G) SCB3/411
68526 R 7.21 Poikilitic impact melt SCB3/411
68527 R 3.03 Crystalline polymict breccia SCB3/411

(poikilitic impact melt? )
68528 R 1.08 Crystalline polymict breccia SCB3/411
68529 R 7.03 Glass SCB3/411

68535 R 8.04 Glassy breccia SCB3/411
68536 R 1.85 Basaltic impact melt SCB3/411
68537 R 1.41 Fine-grained impact melt (G?) SCB3/411

68815 1826.0 Glassy breccia SRC2/343

68825 P 8.658 Glassy impact melt SCB1/375

68845 P 4.556 Fine-grained impact melt SCB1/344
68846 P 2.284 Fine-grained impact melt SCBI/344
68847 P 2.854 Fine-grained impact melt SCBI/344
68848 P 1.770 Basaltic impact melt (G) SCBI/344

69935 127.6 Glassy breccia SCB3/378

69945 6.88 Poikilitic impact melt (G) SCB3/377

69955 75.94 Cataclastic anorthosite SCB3/380

69965 1.].2 Fragmental polymict breccia (G) SCB3/379

xxix



PLANIMETRIC SKETCH MAPS AND SAMPLE LOCATIONS FOR APOLLO 16 SAMPLING SITES;

MODIFIED FROMTHE APOLLO 16 SAMPLE INFORMATIONCATALOG (1972).
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60015 PRISTINE CATACLASTIC ANORTHOSITE, GLASS-COATED 5574 9

INTRODUCTION: 60015 is a coherent, very light gray, shock-melted and cata-
clastic anorthosite which is probably chemically pristine. It is largely
coated with a vesicular glass up to i cm thick (Fig. 1). The glass contains a
few white inclusions and the glass-anorthosite contact is macroscopically sharp.

60015 was probably collected about 30 m west-northwest of the Lunar Module
but details of its collection, situation, and orientation are notknown.
It is blocky with rare fractures. Zap pits are common on two surfaces with
a few on the others.

FIGURE I.

PETROLOGY: Petrographic descriptions are given by Sclar et al. (1973), Sclar
and Bauer (1974), Dixon and Papike (1975) and Juan et al.-T19-74). All note
the brecciation and intense shock damage to the anor-tho-site (Fig.2) which
took place prior to the emplacement of the glass coat. The anorthosite
consists of more than 98% plagioclase (Angs-98) with 1-2% orthopyroxene

(EnG3) and augite _Fig. 3). Ishii et al. (1976) calculate an equilibration
temperature of 987 C from the augit_--or-thopyroxene data of Dixon and Papike
(1975). Olivine is absent, but ilmenite, Cr-spinel, troilite and minor Fe-metal
are present (Dixon and Papike, 1975).

There is a bimodal grain size with grains of plagioclase I-3 mm in diameter set
in a finer-grained matrix. Plagioclases are strained with undulose and patchy
extinction and some well-developed sets of shock lamellae exist. Maskelynite
is not present. The intergranular areas include colonnaded, feathery plagio-
clases (Fig. 2) interpreted as resulting from a rapidly cooled intergranular
shock melt. No intergranular movement took place during the shock event and



60015

a b - •

FIGURE 2. 60015,120

a) anorthosite, xpl. width 2mm.
b) colonnades in anorthosite,

xpl. width O.5mm
c) glass coat, ppl. width 2mm.
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FIGURE 3. Pyroxenes; from FIGURE 4. Metals; from Hewins
Dixon and Papike (1975). and Goldstein (1975a).
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FIGURE 5. Rare earths; from

Laul and Schmitt (1973).
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temperatures are believed to have risen to over 1500°C. The progenitor was _
possibly porous (Sclar and Bauer, 1974). Fe-metal in the anorthosite contains
little Co or Ni (Fig. 4) (Hewins and Goldstein,1975a; Sclar and Bauer, 1974;
Mao and Bell, 1976). The lowest values, which occur in the feathery plagio-
clase regions may be the result of shock reduction of Fe2 plagioclase
(Sclar and Bauer, 1974).

The glass coat is brown, vesicular and partly crystallized into skeletal
microlites of plagioclase. The plagioclase-rich xenoliths and xenocrysts in
the glass show no evidence of reaction with the glass, which is similar in
composition to Apollo 16 soils (Table 2). Metal in the glass contains up to
30% Ni, in the meteoritic range (Fig. 4) (Hewins and Goldstein,1975a; Mao and
Bell, 1976). Mao and Bell (1976) show that metals are altered from their
original meteoritic composition by reaction with the anorthosite, and that the
higher Ni contents occur in metals associated with troilite and schreibersite.

The contact relationships of glass coat and anorthosite are described in detail
by Sclar and Bauer (1974). The peripheral 6 mmof anorthosite lacks feathery
plagioclase, but a 200 _m boundary layer of pure, colonnaded plagioclase exists,
and is interpreted as quenched liquid derived by melting the surface of the
anorthosite. Two distinct liquids, one the anorthosite surface, the other the
glass coat, existed momentarily. The heat to melt the anorthosite surface must
have been mainly from the shock event which produced the glass coat, not from
the glass coat itself (Sclar and Bauer, 1974).

CHEMISTRY: Chemical studies are listed in Table 1 and summary chemistries
of the anorthosite and of the glass coat in Table 2. Representative
incompatible element patterns are shown as Figure 5.

For the anorthosite, Laul and Schmitt (1973) note that the REEs are low
and identical to 15415 (Fig. 5). Volatile and light elements are very low in
abundance (Jovanovic and Reed, 1973; Moore and Lewis, 1976; and others) as are
Zr and Hf, with the lowest Zr/Hf of any sample (Garg and Ehmann, 1976). The level
of meteoritic contamination, if any, is uncertain because Au, Ir (etc.) have not
been measured. Co values are low (i ppm or less) except for the analysis by
Juan et al. (1974) which has 44 ppm Co, and 30 ppm Ni. The low Co contents
and t_-6_-6/Ni ratios of the metal suggest that most of the anorthosite is
uncontaminated. The glass coat was analyzed by Laul and Schmitt (1973) with
results in agreement with microprobe data by Dixon and Papike (1975) and Sclar
and Bauer (1974). Although similar to Apollo 16 soils, subtle chemical differ-
ences exist e.g. lower Ti02 (Laul and Scbmitt,1973). The Ni/Au/Ir ratios
suggest that the glass was created by the impact of an iron meteorite.

STABLE ISOTOPES: Clayton et al. (1973) reported _018 values of 5.67 for the
anorthosite plagioclase and 5.68 for the glass coat, typical lunar values.
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TABLE 2

TABLE I Sunimarychemistries of anorthosite and

Chemical studies of 60015 _lass coat in 60015

Reference _ Description Elements analyzed

S.R. Taylor et aI.(1973) ,64 anorthosite majors, REEs, other trace Anorthosite Glass Coat

Janghorbani et ai.(1973) ,65 " majors

Laul and Schmitt (1973) ,6 ,, majors, REEs, other trace SiO2 44 44

,, ,54 glass coat " TiO2 0.02 0.4

Juan e.}.ta._l.(1974) ,67 anorthosite majors, some trace Al203 36 27

Nunes et.ta__l.(1973) ,50 " U, Th, Pb Cr203 <0.01 0.1

Ehmann and Chyj (1974) ,65B " Zr, Hf FeO 0.35 5

Garg and Ehmann (1976) ,65A " Eu, Zr, Fe, Cr, Sc, Co, Hf MnO <0.01 0.05

Miller et al. (1974) ,65B " Fe, Cr, Sc, Co, Eu MgO _Z).3 6 - 9

Schaeffer and Husain (1974) ,22 ,69 " K, Ca CaO 19 15

Jovanovic and Reed (1973) ,60 " F, Cl, Br, I, Te, U, P205 Na20 0.4 "_0.45

Moore etal. (1973) ,61 " C K20 <0.01 0.08

,, ,53 glass coat C P205 0.01

Cripe and Moore (1974) ,61 anorthosite $ Sr 178 157

" ,53 glass coat S La 0.13 11

Moore and Lewis (1976) ,61 anorthosite N Lu 0.003 0.49

,, ,53 glass coat N Rb 7 1.9

Phinney"etta___l.(1975) ? " K, Ca $c 0.6 5.8

Nyquist et al. (1975) ,501 ,5011 " Rb, Sr Ni 900

Papanastassiou and Co 1 42
Wasserburg (1976) ,36 ,95 " Rb, Sr,K Ir ppb 23

Nunes e_ta._li.(1974) ,46 glass coat Rb, Sr, K, U, Th Au ppb 8
C 20 59

N 23 50

S 27 890

Zn o_

Cu 2 oo
Oxides in wt%, others in ppm except as noted, c_
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RADIOGENIC ISOTOPES AND GEOCHRONOLOGY:Rb-Sr data are summarized in Table 3.
The low measured 87Sr/86Sr give calculated ratios at 4.6 b.y. close to BABI.
Nyquist et al. (1975) calculate an isochron age from two whole rock samples
as 3.8 ±--i-.7--b.y. but because of the large error do not attribute significance
to it. Two plagioclase clasts from the glassy rind have 87Sr/SSSr at 4.6 b.y,
even lower than the anorthosite (Nunes et al., 1974).

TABLE 3. Summar7 of Rb-Sr data* for 60015

Sample Description Rb/Sr 87Sr/86Sr 87Sr/86Sr Reference
Measured Calc. at 4.6

b.y.

,50 I Anorthosite 0.00165 0.69934C4 0.69902 Nyquist et al. 1975

,50 II " 0.00044 0.69915_5 0.69907 "

,50 " 0.00073 0.69904_6 0.69890 Nunes et al. 1974

,36 " 0.00016 0.69903+3 .0.69900 Papanastassiou and
Wasserburg 1976

,95 " 0.00067 0.69908+4 0.69895 "

,46 Plag. in glass 0.00083 0.69900+7 0.69884 Nunes et al. 1974

i,46 " 0.00044 0.69887+3 0.69878 "

,46 Glass coat 0.01218 0.70120+6 0.69888 "

*Not corrected for inter]aboratory bias.

Ar-Ar ages of 3.5 ± 0.05 b.y. (Fig.6) (Schaeffer and Husain 1974) and 3.54 _+0.05
b.y. (Fig.7) (Phinney et al.,1975)demonstrate that the shock melting of the anor-
thosite was later than_he--_.O b.y. cataclysm. These ages may just be lower
limits but a good plateau was obtained by Schaeffer and Husain (1974).

-- 60015,Z2 V°
.... 6001,5.69 175 _ O.OOl •

4'0 AGE ,3 50_0-05 (xlotl_) _....... 0.000_ _ • I I I I J I i I

40 I I I I I I J I I1400" r ...................... _ I l_ ,3 ,. 16

1300"-___I" _1550" : _," _ X 3.s"_ 3.= 12_ ................ .m

y
I.O

| I | I 1 I i i I I I t I I I I I
O0 O2 @4 06 041 I-0 Ol_ 0._ O.:i Ol,0 0.5 o.o 017 Oil O!tJ t.O

Cumu_l@ve _rod_On 3_Ar ,eleo*_d

CUMULATIVE FRACTIONS OF 31)A_rtt

FIGURE 6. Ar release; from FIGURE 7. Ar release; from
Schaeffer and Husain (1974). Phinney et al. (1975).
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The U-Th-Pb data (Nunes et ai.,1973, 1974) indicate an enrichment in Pb at
3.57 b.y. (2-stage modelT-or--3.8 b.y. (3-stage model). The Pb introduction
was presumably contemporaneous with the shock-melting event. These theoretically
valid model-dependent ages may not be as precise as first believed because up
to 3% of the Pb may be contamination (Nunes et ai.,1974). '_

RARE GAS/EXPOSUREAGES: Leich and Niemeyer (1975) provide Xe, Ar and Kr isotopic
data and report an _IKr-Kr exposure age of 1.96 ± 0.08 m.y., or 1.93 + 0.08 m.y.
if the trapped xenon in the rock is terrestrial. The latter interpretation of
the origin of the trapped xenon is preferred following experiments (Niemeyer and
Leich, 1976) which showed much more Ar, Xe and Kr in crushed samples, even though
temperatures greater than I000 o were required to release 75% of the trapped Kr
and Xe.

Phinney et al. 11975) and Schaeffer and Husain (1974) report Ar isotopic data
and calculate 3°Ar-Ca exposure ages of 3 ± 1 m.y., and 4.6 ± 0.6 and 6.1 ± 0.5 m.y.
respectively. These are significantly higher than the 8ZKr-Kr age which Leich and
Niemeyer (1975) consider more reliable.

MICROCRATERSAND TRACKS: Several studies of microcraters on the glass surface of
60015 have been made. The surface is in production, not equilibrium. Size-frequ-
ency data is provided by Neukum et al. (1973), H_rz et ai.(1974), Fechtig et al.
(1974), Mandeville (1976), and Hartung et ai.(1977) TFig-_). Neukum et al._-97Y),
Nagel et al. (1975), and Mandeville (19T6)-p-rovide measurements of pit characters.
Flavill et al. (1978) discuss some of the craters as being of secondary or tertiary
origin rather than of direct micrometeroid origin, and Hartung et ai.(1977) note
that the data do not specify that there was a variation of the meteoroid flux with
time. Carey and McDonnell (1976) find no evidence for the build-up of sputtered
weld material on the surface. Storzer et al. (1973) plot the solar flare track
density against depth, as deduced from Trat-ering statistics.

i0¢ Dt

'E tt 60015

Io_ t • e I

'_ _' °_, FIGURE 8. Microcraters; from

Fechtig et al. (1974).

o Neukumet _.1_731
100 - 'l_swork _o

I IO IGO t_o
_C_Oa_TE_ PITO_TER. q, _]
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PHYSICAL PROPERTIES: The remanent magnetism characteristics of the anorthosite
_ve been studied by Runcorn's group (Collinson et al.,1973;Stephensen et al., -
1974, 1975) using the anhysteretic remanent magne-tiTation method (ARM)._h_rock
does not appear to possess a measurable hard NRM, although grains capable of
holding such an NRMare present. This is probably due to the extremely low iron
content. The initial susceptibility and the saturationremanence are very low.
Weeks (1973) studied electron paramagnetic resonance characteristics and noted
that Fe3+ and Ti 3+ are higher than in several pther Apollo 16 rocks.

P and S wave velocities of the anorthosite from 0.5 to 7 kb are reported in Chung
(1978) (Table 4, Fig.9). Herminghaus and Berckhemer (1974) measured Q with ultra-
sonic absorption measurements at 10 -4 torr and +20°C to -180oc. Q is quite low,
independent of T, and at 20oc only 20% higher than at atmospheric pressure. The
measurements suggest that the anorthosite has a high microcrack density.

TABLE 4. Elastic wave velocities of anorthosite in 60015

Confining pressure (Kb)

0.5 1.0 1.5 2 3 4 5 6 7 10"

P Km/s 5.5 6.0 6.27 6.52 6.75 6.86 6.90 6.94 6.97 7.02

S Km/_ 2.6 2.9 3.21 3.40 3.58 3.68 3.74 3.86 3.88 3.91

*Estimated by linear extrapolation. Reference: Chung (1973)

FIGURE 9. from Chung (1973).
g

- " ! F"
197"K

?',,_

/. _ IIlo. ,0' ]o'l ;' *' ,0' O00t
Fr_q_cy {HI)

!

FIGURE lO.Dielectric properties;
from Chung and Westphal (1973).

o = PR2SSUR_(wb,° ' '

Dielectric constants and losses for the anorthosite are presented in Chung and
Westphal (1973) (Fig.lO).

Mandeville and Dollfus (1977) determined polarimetric properties of surface
portions of 60015, one cratered and dust-free, others cratered and dust-covered.
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PROCESSINGAND SUBDIVISIONS: In 1972, 60015 was sawn into 5 main pieces (Fig.ll).
The large pieces ,1 and ,2 are preserved intact and ,3 was subdivided into 3
pieces for display purposes. All allocations are from the two slabs produced
during sawing. The main subdivision of these slabs and the locations of the
splits are shown in Figures 12 and 13. Several subsequent splits and renumbering
of returned/consumed samples are not shown.

• jl /- Dark glass :oa1:ing

,.,_-';_.__.._ _._.. .'-;_;.;_':_-_" _-;:_,",_C" FIGURE 1I.

_":,' _,,. k.':_, _.'_a

,46,_

"_,48 ,29\
,49

,20_
,38\1 =

=

TS ,'t17-,122

I

S-72- 54203

FIGURE 12.





60016 FRAGMENTALPOLYMICT BRECCIA 4307

INTRODUCTION: 60016 is a friable, medium gray breccia with a porous clastic
matrix and abundant light and dark clasts of various sizes (Fig. I).

The sample was collected 14-15 m southwest of the Lunar Module where it had
a poorly developed fillet. Its orientation is known. It is subrounded and
zap pits are present on all surfaces.

FIGURE I. S-78-34417. Scale in mm.

PETROLOGY: Johan and Christophe (1974), Haselton and Nash (1975a,b!, Takeda et al°
(1979), Misra and Taylor (1975) and LSPET (1973) provide limited petrographic m-
information. The rock is polymict with a variety of clast types in a porous,
unequilibrated matrix that is essentially free of glass (Fig.2). Grain size
is seriate from several mm downwards. Some rust is present.

Mineral fragments of plagioclase, pyroxene, olivine, spinel and metal are
present. Lithic clasts include cataclastic and recrystallized anorthosite,
coarse-and fine-grained poikilitic impact melt, granoblastic material, noritic

11
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FIGURE 2.

a b

c d

a) _0016,83. general matrix,ppl, b) 60016,83. vitric breccia clast,
width 2mm. ppl. width O.5mm.

c) 60016,86. fine-grained poikilitic d) 60016,98. feldspathic granoblastic
melt clast, ppl. width 2mm. impactite, xpl. width 2mm.

12
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anorthosite with relict cumulate texture, dark-to-vitric matrix breccia and
f-. clast-bearing basaltic impact melt. Also present are several types of glass

beads and fragments in various stages of devitrification, and rare agglutinates.
Most of the clasts show minimal effects of shock or thermal metamorphism.

Plagioclase in mineral and anorthosite clasts is of typical highlands com-
position _An96-98, low Fe, Mg; Johan and Christophe, 1974). These authors also
report systematic variations of Fe, Mg and Na in plagioclase with respect to
twin lamellae and associated intergrowths of exsolved pyroxene and silica (Fig.3).
Pyroxene clast compositions are given in Figure 4. One discrete grain of
orthopyroxene (En79) with ilmenite lamellae yielded an equilibration temper-
ature of 900-1000oc based on the coexisting mineral compositions (Fig.5)
(Haselton and Nash, 1975a,b). Metal grains in the matrix that are large enough
to analyze by microprobe are homogeneous with 4-6% Ni (Fig.6) (Misra and Taylor,
1975).

Nearly all of the dark clasts (Fig.I) are aphanitic melts. In thin section
they are glassy with an obvious melt texture. Most are packed with abundant
plagioclase clasts and could also be called vitric matrix breccias (Fig.2).
Poikilitic clasts occur as both coarse-and fine-grained varieties (Fig.2).
They are very similar to typical Apollo 16 poikilitic rocks such as 60315
and 65015. Macroscopically they appear as pale gray crystalline clasts.

,07 B BO,_ / _ FIGURE 3. Plagioclase;

from Johan and Christ-

_ Fo _ ophe (1974)

....0,0| . 215_m_ /
/

Co

T
Di ,, ^ ^ ,. Hd

L from Takeda e t.t al° (1979)o

• • v v

Ng Fe

13



60016

FeSiO3 .,MgTiO,a:FeTiO,a* MgSiO 3

1.5
cooke = 60016

I1_ _o- -_
v 1.0

i

OS_ITE=PYROXENE INTERGROW'rHS _ _ 0.5

2 6
W t, I/, Nickel

; , , , , , , ,OI I ,I _ I t II 12

T'C/IO0 FIGURE 6. Metals; from
Misra and Taylor (1975).

FIGURE 5. Equilibration temperature;
from Haselton and Nash (1975b).

CHEMISTRY: Bulk rock major element analyses are given by Janghorbani et al.
(1973) and S.R. Taylor et al.(1974)_Bulk trace element _ata are provide--c[Ey
these authors and Kr_henbUhl et al. (1973},Ganapathy et al. (1973), Garg

and Ehmann (1976), Jovanovic and Reed (1976a,b) and Goel et al. (1975). All
of these analyses are of splits of a single sample of chips and fines sub-
divided at the LCL. W_nke et al. (1975) give major and trace element chemistry
on an aphanitic clast, a pol-_Til_tic clast and a granoblastic impactite clast.
Goel et al. (1975) report nitrogen data on separated light and dark clasts.

The bulk rock is compositionally very similar to the local soils, but with
slightly lower Ti02 and Cr203 (Table i). Its REE pattern (Fig. 7) and Zr/Hf
ratio is typical of a highland breccia with trace element chemistry dominated
by KREEP (S.R. Taylor et al., 1974; Garg and Ehmann, 1976). Kr_henbUhl et a1.
(1973) detect an enrichment of volatile relative to involatile elements _._
high TI/Cs and TI/U) and conclude that the rock is probably enriched in a
fumarolic component.

Clast analyses by W_nke et al. (1975) are reproduced in Table I. Both the
aphanite and the poikiliTi-c_last are rich in KREEP and in siderophiles in-
dicating a probable impact origin. The granoblastic impactite has low levels
of incompatibles and may be low in siderophiles based on Co (Table 1). No other
siderophile data are available on this clast.

STABLE ISOTOPES: Clayton et al. (1973) report 6018 values, listed in Table 2.
The uniform values indicate-a_ominant plagioclase component in all samples.

RADIOGENIC ISOTOPES AND GEOCHRONOLOGY:Weber and Schultz (1978) report K-Ar
gas retention ages of 3.8 ± 0.1 b.y. for both the poikilitic and the dark aphanite
clasts analyzed by W_nke et al. (1975).
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FIGURE 7.

500 I [ I ] 1 f I I I I I I I
I

60016
i

,48 Poikilitic clast

Wanke et a1.,1975
,22 Aphanitic clast F_'O---.

100 _
i

E
)

,62 Bulk rock
q)

,I

qO
¢-.
O

J= S.R. Taylor et al., 1974

° 7t
-_ //

cn 10 /

/ / -

! / =
/ / "

/ "

_ ,51 Granoblastic clast W_nke et al., 1975

1
I I I I I I I I I I I J I

La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

15



60016

TABLE 1. Summarychemistr_of 60016bulk rock and clasts

,22.4 ,48.4 ,51.4
Bulk rock ..aphanite poikilitic _ranoblastic

5i02 45.5 43.0 44.7 44.3
TiO2 0.29 0.27

AI203 27.4 20.03 15.88 29.48

Cr203 0.07 0.15 0.21 0.09
FeO 4.8 7.42 11.5 4.0

MnO 0.057 0.09 0.12 0.63

MgO 6.2 7.64 12.45 3.82

CaO 15.2 11.9 10.8 17.2

Na_O 0.48 0.49 0.60 0.31

K20 0.10 0.29 0.33 0.01

P205
Sr 160 190

La 13.3 55.9 58.5 0.99

Lu 0.6 2.27 2.46 0.%0
Rb 2.3

$c 8.2 13.6 15.6 7.43

Ni 300 740 1940
Co 27 42.3 105 6.19

Ir ppb 5.7 15 36

Au ppb 5.9 15 36
C TABLE2

N 28
S 6 0ze of variousportions

Zn 7.6 of 60016

Cu

matrix 5.73

plagioclase 5.78
All clast analyses by _nke et al. (1975).

Oxides in wt%;others in ppmexcept as noted, light elasts 5.62
dark clasts 5.67

RARE GAS/EXPOSUREAGES: Bogard et al. (1973)and Weber and Schultz (1978)
provide noble gas data for the bu-_Fk_ock.The matrix of 60016 containsa
large amount of trapped solar gas, probably indicatinga significantregolith
component.

Noble gas data and 2_Ne and 3BAr exposure ages for clasts (Table3) are also
given by Weber and Schultz (1978).
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TABLE 3. 21Ne and 38At exposure ages (m.y.) of three clasts (_ _

from 60016

=_Ne SeAr _" _ _L\

,22.4 aphanite 1.2 ± 0.2 3.0 ± 4.0

,48.4 poikilitic 3.5 ± 0.7 4.0 ± 1.5

,51.4 granoblastic 0.3 ± 0.1 1.2 ± 0.4
lo

Craterdiameter,_m

FIGURE 8. Microcraters;
from _orrison et al.

(I973).

MICROCRATERS: 60016 is subrounded in shape with microcraters on all sides.
This suggests a complex exposure history that includes tumbling. The surface
is probably in cratering equilibrium (Fig. 8) _Morrison et al. 1973; Neukum
et al., 1973). Total exposure of the rock after lithification may have been
on the order of 15-20 million years, assuming a constant micrometeoroid flux
rate (Morrison et al., 1973).

PHYSICAL PROPERTIES: Intrinsic and structure sensitive magnetic parameters
and some characteristics of the natural remanent magnetization of 60016 were
measured by Nagata et al. (1974,1975) and Cisowski et al. (1975). No
significant NRMresCue-remains in the rock after 250 _.rms demagnetization.
Therefore there is no magnetic component present which can be attributed to
ordinary thermoremanent magnetization although the relatively stable component
up to 250 Oe'rms may have some significance for lunar magnetism (Nagata et al.,
1974).

The proportions of Fe-bearing phases, the Fe°/Fe2+ ratio and the average
composition of the ferromagnetic metal component have also been determined by
magnetic and Mossbauer techniques (Huffman et al., 1974; Nagata et al., 1974).
Iron metal makes up _).33 wt% of the rock. --_b_t 71% of this ferromagnetic
metal can be attributed to a kamacite component averaging _5 wt% Ni (erroneously
reported as 15 wt% Ni in Nagata et al., 1974). The remainder of the metal is
apparently pure iron. This contrasts with the microprobe data of Misra and
Taylor (Fig. 6) which show no metal with <4 wt% Ni. Nagata et al. (1975)
conclude that this discrepancy can be resolved if the pure iron component exists
as micron-size particles too small to analyze by microprobe and possibly forming
by subsolidus reduction of oxide and silicate phases. FMR studies show that the
metal was annealed at 700-900oc (Fig. 9) (Tsay and Bauman, 1975).

The reflectance (albedo) of the 60016 matrix has been measured by Adams and
McCord (1973) and Charette and Adams (1977) (Fig. I0). Dollfus and Geake (1975)
report polarimetric properties of both the poikilitic and the aphanite clast
analyzed by W_nke et al. (1975).
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PROCESSINGAND SUBDIVISIONS: In 1972, 60016 was sawn into three main pieces and
the slab extensively subdTvided and allocated (Fig. 11). All of the various
"whole rock" properties published so far were measured on splits of the slab.
Bulk chemistry, the oxygen isotopes and rare gases were measured on splits of
one undocumented sample of chips and fines (originally ,49-not shown on Fig. 11).
The aphanite clast analyzed for chemistry, rare gases, exposure age and polar-
imetric properties was an interior clast (,48). The poikilitic clast also
analyzed for the same properties was a pale gray exterior clast (,22 and ,23).
The granoblastic clast was a large white exterior clast (,51 and ,53). Not all
splits of the rock are shown in Figure 11.
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60017 VARIOLITIC IMPACTMELTBRECCIA 5574g

INTRODUCTION:60017 is a crystalline, medium to dark gray, vesicular melt rock,
containing clasts which are mainly dark melt breccia and macroscopically
indistinct (Fig. i). The melt, which has a variolitic texture, contains _ 30%
A1203.

Despite its number, 60017 was collected from Shadow Rock at Station 13 but
its precise location on the boulder is unknown. Because it was broken from
the boulder, one surface (B) is fresh while the others are subrounded. Few
zap pits occur even on the surfaces that were exposed on the lunar surface.

FIGUREI. Saw cut face. S-75-33756. Scale in mm.

PETROLOGY:The rock contains two dominant lithologies: _70% variolitic melt and
_30% dark aphanitic clasts <Fig. 2). The rock is heterogeneous at the thin
section scale such that some thin sections contain only variolitic melt whereas
others contain very little of it. Petrographic information of various thin
sections is provided by Kridelbaugh et al. (1973), Nord et al. (1975), Misra and
Taylor (1975), Ganapathy et al. (1974-_-,--andEnglehardt ('i_-79_,. Cadenhead and
Brown (1976) provide some--_e_ils of a surface chip.
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FIGURE 2. a) 60017,116. variolitic melt, xpl. width 2mm.
b) 60017,119. aphanitic melts,ppl, width 2mm.

The variolitic melt consists of plagioclase laths with interstitial mafic
minerals, mnor ilmenite and Fe-metal, and very rare troilite and cryptocrystal-
line material. Although referred to as "devitrified glass" by Kridelbaugh et al.
(1973) and Misra and Taylor (1975) the evidence leading to this conclusion T_n'ot
stated. The typical textures are shown in Figure 2. The plagioclase laths which
are up to _2mm long have compositions of An93_gs (Kridelbaugh et al., 1973).
They are frequently skeletal and mainly untwinned. Spherulites are often cored
by plagioclase xenocrysts. Analyses of mafic minerals by Kridelbaugh et al. (1973)
show only olivine (Fo68), although Nord et al. (1975) and Engelhardt (T-979--)-refer
to the mafic mineral as pyroxene. Analyses of metal by Misra and Taylor (1975)
have an average of 5.7% Ni, I,,3,% Co, 0.05% P and 0.01% S. Co shows a wide scatter
and is mainly out of the meteoritic range (Fig. 3). Nord et al. (1975), in a high
voltage electron microscopy study, found no glass or evidence of deformation.

The variolitic melt is generally finer-grained towards the dark breccia clasts,
and contains rare xenocrysts of pink spinel and a few small lithic clasts,
including dunitic material. , , , , ,

2.0
60017

1.5 • •
u

FIGURE 3. Metals;(1975).from Misra and Taylor _,O_os -'_"

illil
2 6 I0

Wt _ Nickel
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The dark breccia clasts are brown, aphanitic and inhomogeneous melt breccias.
In places they are flow banded and deformed (Fig. 2). They are plagioclase-rich _k
(>85%) and contain numerous plagioclase-rich xenocrysts and xenoliths which have
various reaction rims. Petrographic descriptions are given by Kridelbaugh et al.
(1973) and Nord et al. (1975). The former in particular note the bulk compo-si_Ton
of "gabbroic anorthosite" and the variety of xenoliths, including shocked, re-
crystallized anorthosite (An94_96) and small "anorthositic gabbro" (actually
basalt-textured)clasts(?) which have plagioclase laths (An9s), interstitial
olivine (Fo62-7_) and thin dark rims. Nord et al. (1975) note the presence of
some isotropic material and deformation with--Tow--dislocation densities within
the dark breccia material.

The boundary between the variolitic melt and the dark breccia clasts is
generally distinct, but in places it is diffuse and irregular, suggesting
considerable digestion of the clasts. Cadenhead and Brown (1976) describe the
characteristics of a surface chip (,43) using various methods. The petro-
graphy of the chip is not known but they find it to be heterogeneous, not
porous at sub-micron scales, and of low density (2.78 g/cc). The surface is
enriched in volatiles and surface iron is reduced more than the interior.

CHEMISTRY: Major and trace element analyses of bulk rock (Table I) are pre-
sented by Janghorbani et al. (1973), Rose et al. (1973), Laul and Schmitt
(1973), Laul et al. (19-7-4T_,Morrison et al. (1973) and S.R. Taylor et al.
(1973). Krahe-nb_l et al. (1973) and Ganapathy et al. (1974) report sidero-
phile and other trace elements, Garg and Ehmann -_-97-6-) report trace elements,
Tera et al. (1974) report U, Th, and Pb abundances, and Flory et al. (1973)
report hydrocarbon and light element abundances. The latter suggest the
presence of indigenous lunar methane. MacDougall et al. (1973) give a U
abundance (_0.2 ppm) from fission track mapping. These are probably mainly
analyses of variolitic melt.

Although Morrison et al. (1973) state that they received and analyzed a white
chip, photodocumenTat_n demonstrates that they received a dark vesicular chip.
Nonetheless their analysis i__ssignificantly different from other analyses, in
particular being lower in alumina and higher in magnesia. Kr_henbGhl et al.
(1973) and Ganapathy et al. (1974) give incorrect split numbers; they ac-tua-Tly
analyzed ,80.

60017 is significantly more aluminous than local soil compositions and has a
positive Eu anomaly (Fig. 4). It is similar to Sample 63335 taken from the
same boulder. The trace siderophiles are low (although not at indigenous levels)
as are many North Ray Crater samples. The siderophile element ratios place the
sample in meteoritic Group 6 of Ganapathy et al. (1974). Rose et al. (1973)
obtained higher Ni and Ni/Co than other ana-TysTs. ----

Defocussed beam microprobe analyses of the dark breccia and their included
"anorthositic gabbro" clasts are reported by Kridelbaugh et al. (1973). The
dark breccia is similar in composition to the bulk breccia an-alyses, while the
"anorthositic gabbro" clasts are much less aluminous (Table I).
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TABLE I. Summary chemistr_ of 60017

Bulk rock or variolitic dark breccia* "anorthositic gabbro"*melt

SiO2 44 46 46

TiO2 0.3 0.2 1.1

A1203 31.0 31.2 22.9

Cr203 0.06

FeO 3 3.3 9.2
HnO O.04

MgO 3 2.4 6.4

CaO 17.0 17.4 14.0

Na20 0.53 0.03 0.76

K20 0.07 0.43 0.0_

P205 0.02 0.02 0.06
Sr 140 ?

50
La 3.0 --

Lu 0.16 iRb 0.8 20
Sc 6 c

Ni 50

co 7 _ 10
Ir ppb 1.4 _'_

Au ppb 0.4 ? _ 5

C 30-I05 E

N 7-24
c 2

S 120 .-

Zn 5

Cu 2 m 1.0 _ _ J f _ _ ] i _ _ _ _ i
Ba La Ce NdSm GdTbDy YbLu Hf Ta ThEu

Oxides in wt%; others in ppmexcept as noted

*from DBA, Kridelbaugh et a__I.{1973) FI___GURE4. Rare earths; from Laul
and Schmitt (1973).

RADIOGENICISOTOPESANDGEOCHRONOLOGY:Murthy and Coscio (1977) and Murthy
(1978_report BTsr/B_srfor two hand-pickedplaqioclaseclasts,which ex-
trapolate to values close i:oBABI at 4.6 b.y. [Table 2)

Table 2. 87Sr/8_Srfor plagioclaseclasts in 60017_56

BTSr/86Sr B7Sr/B6Sr at 4.6 b.y*

i 0.69933+5 0.69900+5

II 0.69928C5 0.69899C5

* adjustedfor bias by subtracting0.00006 to be equivalentto Caltechdata
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Tera et al. (1974) report U, Th and Pb isotopic data for 60017,72, a bulk rock
sampl_The sample contains predominantly initial radiogenic lead rather
than in situ -produced lead. The sample falls off a reference isochron
which encompasses most other highlands samples on a 2°TPb/2°6Pb v.
238U/2°6Pb evolution diagram (Fig. 5). The departure can be accounted for
by assuming that the sample formed at _4.0 b.y, from a source _4.4 b.y. old
or formed at %3.9 b.y. from a source 4.5 b.y. old.

[pb(15415)

t5415 P-2 _*_9)

FIGURE 5. U-Pb evolution diagram.

L, "_. ..,_.L_NOSO,_S Reference isochron passes through

.__o,6_u._ total rock and plagioclase for\_ rock 68415. Number in parentheses
_ '_.'_.-_A co_o,A " "is]4 value; from Tera et al (1974)

E

al

Q,
_h.V_pb

• i . i . t . I , I , I i l t I , I , I , T , I i I
Q2 _ Q6 (_1 1.0 1.2

TRACKS AND RELATED STUDIES : MacDougall et al. (1973) measured the U content
from fission tracks, but found no solar f_r_tracks in olivine or feldspar.
Fireman et al. (1973) report count rates for 3H, which is less abundant in the
interior than the surface.

PHYSICAL PROPERTIES: Housley et al (1976) found that 60017,84 (bulk rock)
has a very weak ferromagnetic resonance and is thus unlike either soils or
soil breccias. Gold et al. (1974, 1975,1976a) used 60017 for calibration
in Auger electron spectroscopy of samples. They found that the albedo (0.5)
of 60017 does not decrease to highland soil albedo levels merely by crushing.

PROCESSINGAND SUBDIVISIONS: A few small fragments were chipped off the
samples prior to its sawing in late 1972. During sawing several fragments
were produced (Fig. 6). The two largest pieces ,18 and ,52 and several small
pieces are preserved intact. Slab A was dissected as shown in Figure 7, and
,17 was dissected to give splits ,53 through ,88 (Fig. 6). Most allocations
have been made from the subdivisions of ,17.
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Slab A.

FIGURE 6. Cutting diagram
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FIGURE7. Subdivision of slab.
S-73-21544.

,42 2:5

_,26

,46 I cm
I'--'--1

,51 ,55 ,52, ,54
S-7:5-21544
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60018 SHOCKEDBASALTIC IMPACT MELT, GLASS COATED 1501 g

INTRODUCTION: 60018 is a coherent, medium gray, basaltic impact melt that
suffered a variety of shock effects after lithification. Extensive fractures
and a aetwork of glass veins penetrate the rock (Fig. I). A dark, vesicular
glass coats the exterior surfaces.

60018 was chipped from a 50 cm boulder I00 m southwest of the Lunar Module.
This boulder was perched and subrounded. The location and orientation of
60018 are known. Many zap pits are present on the lunar-exposed surface.

FIGURE I. Saw cut face. S-78-31788. Scale in mm.

PETROLOGY: Although intensely shocked, a relict melt texture is clearly
c_Tscernable over much of the rock. An intergranular basaltic texture is
most common with plagioclase laths often forming radial clusters (Fig. 2).
Areas of fine-grained breccia and patches with a poikilitic to subophitic
texture are also present. Grain size of the melt matrix varies dramatically
over short distances; maximum crystal length is _1 mm.
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a b

c d

I

FIGURE 2. a) 60018,53. general view, basaltic, xpl. width 2mm.
b) 60018,57. general view, poikilitic and glassy, xpl. width 2mm.
c) 60018,51. spherulitic, glassy, xpl. width 2mm.
d) 60018,51. glass veins, ppl. width 2mm.
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Plagioclase xenocrysts are abundant. Clasts of anorthosite and noritic.
anorthosite (up to _i cm) are somewhat less common. Metal fragments have Ni
and Co contents which plot within the "meteoritic field" (Reed and Taylor,
1974). Troilite and schreibersite are occasionally associated with the metal.
Figure 3 shows that many of the kamacite particles not associated with schreiber-
site are neverthelessenriched in P relative to meteoriticmetal. Some rust is
also present.Late stage silicate-liquidimmiscibilityis apparent in some
interstitialareas.

Both the clasts and the host basalt show extremeshock effects. Many of the
plagioclaselaths and clasts have been convertedto maskelyniteor recrys-
tallized. In the most severely alteredzones interstitialmafics have been
convertedto small roundedgrains (Fig. 2).

A complexnetworkof glass veins penetratesthe rock and is probablyrelated
to the glass coat. In thin sectionthese veins are green to brown, often con-
tain schlierenand debris,and seem especiallycommon along clast-matrix
boundaries. The intrusionof these glass veins appearsto postdatethe lithifi-
cation of the rock and is probably relatedto the event which caused the in-
tense shock metamorphism.

(>S •
°l.P

0"5

_4 • FIGURE 3. P v. Ni for metal;
• • from Reed and Taylor (1974).

0.3-

_2.

0.1 I ' Io

CHEMISTRY: S.R. Taylor et al. (1973)and Haskin (unpublished)have analyzed bulk
rock samplesfor major an-_Traceelements. Haskin (unpublished)has also anal-
yzed clasts and glass samples. Cripe and Moore (1974),Moore and Lewis (1976),
Moore et al. (1973)and Goel et al. (1975)providecarbon,nitrogenand sulfur
data. Nunes et al. (1974)provide U, Th, and Pb abundances.

REEs in the basalt are high (Fig. 4).This, along with the high bulk Ni values
and metal composition_indicatesthat the rock was a clast-ladenimpactmelt with
significantKREEP and meteoriticcomponents. Also notable is the extremeen-
richment in sulfur relative to the other light elements (Tablel).

The glass veins are significantlymore aluminousthan the basalt and have lower
levelsof incompatibleelements (Table l). Thus the glass is not a whole rock
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melt of the basalt.

White clasts analyzed by Haskin are virtually pure plagioclase or anorthosite
based on their low contents of FeO and REEs (Table 1 ). One black clast, also
analyzed by Haskin: is ultramafic with high FeO and very low levels of REEs
(Table 1).

TABLE I. Summar_ chemistr_ of

the melt matrix (basalt), clasts and _lass veins of 60018

Basalt Glass* White clasts* Black clasts *

SlO2 45.7 44.9

TiO2 0.65 0.359

A1203 24.0 28.5

Cr203 O.ll 0.086 0.006 0.04
FeO 5.6 4.60 0.3 34.8

MnO 0.07 0.048 0.015 1.07

MgO 8.9 4.83

CaO 13.8 16.6

Na20 0.54 0.492 0.424 0.02

K20 0.23 0.103

P205
Sr

La 25 I0.7 0.38 (Sm=O.042)

Lu 1.1 0.46 0.003

Rb 7.7 3.1

Sc 9.1 6.0 0.44 7.1

Ni 400 520

Co 29 43 0.54 71

Ir ppb

Au ppb

C 32

N 29 TABLE 2. Oxygen isotope data
S 2250

Zn 2.2 2.6

Cu _ O18 _ Ol _
Whole rock 5.69

Oxides in wt%I others in ppm except as noted.
Light clast 5.60

• from }laskin (unpublished)

"Cataclastic
anorthosite"* 5.60 2.75

*Listed in Clayton and Mayeda (1975) as 60018,43.
Photodocumentation shows that this split is mostly
basalt but also contains a large white clast.
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FIGURE 4. Rare earths.
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STABLE ISOTOPES: Clayton et al. (1973) and Clayton and Mayeda (1975) report
GO'Sand _0z_ data for clasts and the bulk rock (Table 2).

RADIOGENIC ISOTOPES AND GEOCHRONOLOGY:Nunes et al. (1974, 1977) provide
U-Th-Pb data for several splits of the rock. -Man-y of their samples had sawn
surfaces and were significantly (up to 77%) contaminated with terrestrial lead
(Fig. 5). Only their "whole rock" and hand-picked glass samples do not appear
to be contaminated. The "whole rock" analysis is nearly concordant at 4.2 b.y.
but the glass contains excess Pb relative to U suggesting that the glass may
be fused soil (Nunes et al., 1974,1977).

PHYSICAL PROPERTIES : Sugiura et ai.<1978) report the results of paleontensity
experiments performed while heat-Tng-the sample under controlled fo2(Thellier's
method) (Fig. 6). The natural remanent magnetization (NRM) of the rock is
fairly strong and stable against AF-demagnetization although an ancient remanent
magnetization probably is not present. As most of the NRMis thermally de-
magnetized by 400° C, low temperature shock events may have been responsible for
the remanent magnetization that is present. Some of the magnetic properties can
also be accounted for by the chemical changes produced by heating.
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PROCESSINGAND SUBDIVISIONS: In 1972 this rock was cut into three main pieces,
one being a slab (Fig. 7). The slab was entirely subdivided with most of the
allocations being taken from it. Not all splits are shown in the diagram.

0 C#, _,5,

_lBi_'_._.,_;_ , ,_?:

FIGURE 7. top: cutting diagram, bottom: slab dissection. S-73-21540.
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60019 DARKGLASSYMATRIXBRECCIA(REGOLITHBRECCIA?) 1887 9

INTRODUCTION: 60019 is a coherent, medium-gray glassy breccia containing
several large, light colored clasts (Fig. i) which are mainly poikilitic and (more
rarely) basaltic impact melts. Part of its surface has a rough glass coating.

The sample location is not known precisely but was approximately 115 m west south-
west of the Lunar Module. It was partly buried (poorly developed fillet). The
sample is subrounded. The orientation is known and zap pits are present on some
surfaces.

FIGUREI.
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f_ PETROLOGY: Macroscopically the rock consists of a dark aphanitic matrix with
abundant clasts up to 5 cm (Fig. i). Clasts vary from fine-grained, crystalline
lithic fragments to glass and mineral fragments. The matrix has glass-lined
cracks and glassy veins. Rust patches occur in both the matrix and the larger
clasts.

a b

FIGURE 2. a) 60019,14. general view, ppl. width 2mm.
b) 60019,77. Clast l, poikilitic, xpl. width 2mm.

Thin sections show that the matrix is brown, glassy, partly vesicular and contains
glass fragments (Fig. 2). These characteristics and its chemistry (below) suggest
that 60019 is lithified regolith or is largely derived from regolithic material.
Most of the large clasts (e.g. clasts 1 and 2, Fig. 1) are poikilitic impact melts.
Clast 1 is poikilitic with abundant fragments (Fig. 2) including granoblastic
impactites, cataclastic anorthosite, and aluminous basalt. In places the poikilitic
texture, characterized by pyroxene oikocrysts up to I mm, grades into basaltic
texture. Other smaller clasts in the matrix include coarse, aluminous, impact
basalts, aluminous breccias, and plagioclase and mafic mineral grains. One small
(2x3 mm) coarse basalt may be of mare affinity; it is mafic and has conspicuous
ilmenite.

Hansen et al.(1979b and unpublished) investigated a granoblastic impactite clast in
60019. _a-gioclase compositions show little dispersion of major (Ang___s) or minor
(K20 0.053%; FeO 0.098%; MgO 0.135%) elements. Olivine is FoT_.
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CHEMISTRY: Rose et al. (1975) report TABLE I. Chemistr_ of 60019
major and trace e_me'nt analyses of
both the matrix and clast I. Cripe Clast 1
and Moore (1975) and Moore and Lewis Matrix (Poikilitic)
(1976) report light elements for these
same two lithologies. The matrix is Si02 45.3 45.3
chemically indistinguishable from
Apollo 16 soils in all respects with Ti02 0.35 0.46
the exception of rare-earths which are A1203 26.3 23.2
enriched in 60019. The poikilitic
clast is more aluminous and less Cr203 0.I0 0.14
enriched in incompatible elements than FeO 5.3 6.9
most other Apollo 16 poikilitic rocks;
this is at least in part a consequence MnO 0.06 0.08
of its abundant clastso MgO 6.7 9.5

CaO 14.9 13.6

RARE GASES: Bernatowicz et al. (1978) Na20 0.46 0.48

report xenon and krypton _oto-pic K20 0.14 0.18
abundances from heating studies of a
matrix sample. The sample contains P20s 0.19 0.27
substantial excess fission xenon and

129Xe, suggesting that excess fission Sr 131 136
xenon is a global characteristic. The La 20 26

sample is rich in solar wind components, Lu
again suggestive of a significant regolith
component. Rb 3.1 4.2

Sc 11 11

PROCESSINGAND SUBDIVISIONS: In October, N_ 795 810
1974, two en_ pieces (,_ and ,5) and a
slab were cut from 60019 (Figs. I, 3). Co 49 45

The slab itself was subdivided leaving Ir ppb
two large pieces (,18 and ,23). Most
subdivisions were made from a column Au ppb

down the center of the slab and from C 162 II0
the region of Oast I.

N 56 28

S 920 910

Zn 13 <4

Cu 7.8 7.5

Oxides in wt %; others in ppm
except as noted.
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60019 s-74-32517

,25

_ Vesicula= glass coat

1 cm

FIGURE 3. Saw cut subdivisions.
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60025 CATACLASTICANORTHOSITE_PRISTINE , 1836q

INTRODUCTION: 60025 is a coarse-grained, moderately shocked and cataclastic
ferroan anorthosite which is monomict and is free of meteoritic siderophiles
(i.e. chemically pristine). A small patch of dark vesicular glass is present
on one surface (Fig. I). 60025 was collected 15 m southwest of the Lunar
Module where it was perched. It is moderately coherent with some penetrative
fractures. Its orientation is known and zap pits occur on all surfaces, though
not equally distributed.

FIGUREI. Saw cut slab. S-72-49095. Scale in mm.

3O

60025
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